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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a soft magnetic 
film and its manufacturing method which can increase 
especially the saturation magnetic flux density of NiFe 
alloy and at the same time can decrease the coercive 
force Hc t and a thin film magnetic head which can cope 
with high packing density and high recording frequency 
by applying the soft magnetic film to a core layer. 
SOLUTION: By forming an Ni-Fe alloy by an 
electroplating method using a pulse current, the mean 
crystal grain diameter of the Ni-Fe alloy film can be 
made 105 &angst; or smaller, and the composition ratio 
of Fe can be set in the range from 60 wt.% to 75 wt.%. 
The Ni-Fe alloy film formed by the above plating has 
high saturation magnetic flux density and low resistivity. 
By using the Ni-Fe alloy film as a lower core layer 5 
and/or an upper core layer 10, a thin film magnetic head 
capable of coping with high packing density can be 
formed. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] It is the soft magnetism film which an empirical formula is shown by nickeh-XFeX, and 
the diameter of average crystal grain is 105A or less, and is characterized by moreover the 
presentation ratio X of Fe being 60wt% to 75wt(s)% of within the limits. 

[Claim 2] Said diameter of average crystal grain is soft magnetism film according to claim 1 
which is 100A or less. 

[Claim 3] Said presentation ratio of Fe is soft magnetism film according to claim 1 or 2 which is 
more than 67wt%. 

[Claim 4] The center line average of roughness height (Ra) of the film surface of said soft 

magnetism film is soft magnetism film according to claim 1 to 3 which is 25A or less. 

[Claim 5] The center line average of roughness height (Ra) of the film surface of said soft 

magnetism film is soft magnetism film according to claim 4 which is 1 5A or less. 

[Claim 6] The saturation magnetic flux density Ms of said soft magnetism film is soft magnetism 

film according to claim 1 to 5 which is more than 1.6T. 

[Claim 7] The saturation magnetic flux density Ms of said soft magnetism film is soft magnetism 
film according to claim 6 which is more than 1.8T. 

[Claim 8] The coercive force He of said soft magnetism film is soft magnetism film according to 
claim 1 to 7 which is 1.5 or less Oes. 

[Claim 9] The coercive force He of said soft magnetism film is soft magnetism film according to 
claim 8 which is 1.0 or less Oes. 

[Claim 10] Said soft magnetism film is soft magnetism film according to claim 1 to 9 currently 
formed of plating. 

[Claim 11] The manufacture approach of the soft magnetism film that an empirical formula is 
characterized by carrying out plating formation of the soft magnetism film shown by nickel 1- 
XFeX by the electroplating method using pulse current. 

[Claim 12] The manufacture approach of the soft magnetism film according to claim 11 which 
makes the diameter of crystal grain of the soft magnetism film 105A or less, and moreover forms 
the presentation ratio X of Fe at 60wt% to 75wt(s)%. 

[Claim 13] The manufacture approach of the soft magnetism film according to claim 12 which 
forms said diameter of average crystal grain by 100A or less. 

[Claim 14] The manufacture approach of the soft magnetism film according to claim 12 or 13 
which forms said presentation ratio of Fe more than at 67wt%. 

[Claim 15] The manufacture approach of the soft magnetism film according to claim 12 to 14 
which forms the center line average of roughness height (Ra) of the film surface of said soft 
magnetism film by 25A or less. 

[Claim 1 6] The manufacture approach of the soft magnetism film according to claim 1 5 which 
forms the center line average of roughness height (Ra) of the film surface of said soft magnetism 
film by 15A or less. 

[Claim 17] It is the thin film magnetic head characterized by being formed with the soft 
magnetism film with which said up core layer and/or the lower core layer were indicated by claim 
1 thru/or either of 10 in the thin film magnetic head which has said lower core layer, the up core 
layer which counters through a magnetic gap, and the coil layer which guides a record field to 
both core layers at the lower core layer made from a magnetic material, and an opposed face 
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with a record medium. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the thin film magnetic head using the soft 
magnetism film which is applied to the soft magnetism film used as a core layer of for example, 
the thin film magnetic head, especially has the soft magnetic characteristics of the high 
saturation magnetic flux density Ms and the low coercive force He, its manufacture approach, 
and this soft magnetism film. 
[0002] 

[Description of the Prior Art] For example, the thin film magnetic head is prepared at the tip of a 
gimbal, and said thin film magnetic head is constituted from an inductive head for writing, and an 
MR head for reading by the magnetic head carried in a hard disk etc. 

[0003] Said inductive head has the up core layer which generally counters the lower core layer 
formed with the magnetic material, and said lower core layer through a nonmagnetic gap layer, 
and a coil layer for guiding a record field to both core layers, and is constituted. In the former, 
said up core layer and the lower core layer were formed with the existing magnetic materials, 
such as nickel-Fe alloy film (permalloy). 
[0004] 

[Problem(s) to be Solved by the Invention] By the way, in the former, plating formation of said 
nickel-Fe alloy film was carried out by the electroplating method which used a direct current. 
And generally, said presentation ratio of Fe is made into about 45~55wt%, and saturation 
magnetic flux density Ms of said nickel-Fe alloy film can be made into 1.5T (tesla) extent at the 
maximum in this case. 

[0005] However, in order to raise recording density with a raise in future recording density, the 
soft magnetism film which has the still higher saturation magnetic flux density Ms is demanded. 
[0006] As an approach of raising said saturation magnetic flux density Ms, it is possible to make 
[ more / still ] the presentation ratio of Fe. then, the electroplating method using a direct 
current like before — the presentation ratio of Fe — about 67 — if it is made [ many ] to about 
wt% — saturation magnetic flux density Ms — about 1.8 — although being raised to about T was 
checked by the experiment mentioned later, even if it made [ more ] the presentation ratio of Fe 
than 67wt(s)%, it turned out that said saturation magnetic flux density Ms does not become large 
any more. 

[0007] And when the presentation ratio of Fe was made [ more / than abbreviation 62wt% ] by 
the electroplating method using a direct current, it was checked that big and rough-ization of the 
diameter of crystal grain becomes remarkable, and the field dry area of a film surface becomes 
severe. And the problem that coercive force He will become large rapidly occurs by such big- 
and-rough-izing and a field dry area of the diameter of crystal grain. 

[0008] Thus, by the electroplating method using a direct current, even if it makes [ many ] the 
amount of Fe(s) occupied in the nickel-Fe alloy film, it is difficult to obtain appropriately the 
saturation magnetic flux density Ms with high extent which can respond to future high recording 
density-ization, and is making [ many ] the amount of Fe(s) moreover, and coercive force He will 
go up. In order to realize future high recording density-ization, while it has the high saturation 
magnetic flux density Ms, there is the need of making coercive force He small. 
[0009] This invention is for solving the above-mentioned conventional technical problem, and 
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while especially saturation magnetic flux density Ms of a NiFe alloy can be made high, it aims at 
offering the thin film magnetic head which can respond to a raise in recording density, and 
quantity record frequency-ization by using the soft magnetism film which can make coercive 
force He low, its manufacture approach, and this soft magnetism film for a core layer. 
[0010] 

[Means for Solving the Problem] As for the soft magnetism film of this invention, an empirical 
formula is shown by nickel! -XFeX, the diameter of average crystal grain is 105A or less, and, 
moreover, the presentation ratio X of Fe is characterized by being 60wt% to 75wt(s)% of within 
the limits. 

[001 1] As for said diameter of average crystal grain, by the soft magnetism film in this invention, 
it is desirable that it is 100A or less. 

[0012] Moreover, as for said presentation ratio of Fe, in this invention, it is desirable that it is 
more than 67wt%. 

[0013] Furthermore, in this invention, as for the center line average of roughness height (Ra) of 
the film surface of said soft magnetism film, it is desirable that it is 25A or less, and it is 15A or 
less more preferably. 

[0014] The saturation magnetic flux density Ms of said soft magnetism film by which plating 
formation was carried out under the above-mentioned conditions is more than 1.6T, and the 
saturation magnetic flux density Ms of said soft magnetism film is more than 1.8T preferably. 
According to this invention, it is possible to make said saturation magnetic flux density Ms into 
about 1 .9T at the maximum. 

[0015] Moreover, as for the coercive force He of said soft magnetism film, in this invention, it is 

desirable that they are 1 .5 or less Oes. They are 1 .0 or less Oes more preferably. 

[0016] Moreover, as for said soft magnetism film, in this invention, being formed of plating is 

desirable. 

[0017] Moreover, the manufacture approach of the soft magnetism film in this invention is 
characterized by an empirical formula carrying out plating formation of the soft magnetism film 
shown by nickel 1 -XFeX by the electroplating method using pulse current. 

[0018] In this invention, by the electroplating method which used said pulse current, the diameter 
of crystal grain of the soft magnetism film can be made into 105A or less, and, moreover, the 
presentation ratio X of Fe can be formed at 60wt% to 75wt(s)%. 

[0019] In addition, it is desirable to form said diameter of average crystal grain by 100A or less 
by this invention. 

[0020] Moreover, it is desirable to form said presentation ratio of Fe in this invention more than 
at 67wt%. 

[0021] Moreover, in this invention, it is desirable to form the center line average of roughness 
height (Ra) of the film surface of said soft magnetism film by 25A or less, and it is forming by 
1 5A or less more preferably. 

[0022] Furthermore in the thin film magnetic head in which this invention has said lower core 
layer, the up core layer which counters through a magnetic gap, and the coil layer which guides a 
record field to both core layers, said up core layer and/or a lower core layer are characterized 
by being formed with the soft magnetism film mentioned above at the lower core layer made 
from a magnetic material, and an opposed face with a record medium. 

[0023] The empirical formula of the soft magnetism film in this invention is shown by nickeH- 
XFeX. Here, nickel and Fe are elements which bear magnetism. 

[0024] In this invention, the high saturation magnetic flux density Ms is securable adjusting the 
presentation ratio (wt%) of Fe occupied in the diameter of average crystal grain of the nickel-Fe 
alloy film, and said soft magnetism film to fitness compared with the former. According to this 
invention, it is checked by the experiment whose thing which can be carried out highly mentions 
said saturation magnetic flux density Ms later even to about 1 .9T at the maximum. 
[0025] And in this invention, while saturation magnetic flux density Ms can be raised, it is 
possible to also make coercive force He small. 

[0026] However, if especially the coercive force He does not receive effect only in the diameter 
of average crystal grain, and the presentation ratio of Fe and the center line average of 
roughness height (Ra) of a film surface is not rationalized, it is checked by the experiment which 
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that said coercive force He cannot be more certainly made small mentions later. 
[0027] It is desirable to make the diameter of average crystal grain of the nickel-Fe alloy film 
into 105A or less, to set the presentation ratio of Fe moreover occupied in the film as 60wt(s)% 
to 75wt(s)% of within the limits in this invention, and to make the center line average of 
roughness height (Ra) of a film surface into 25A or less further. 

[0028] Thereby, the saturation magnetic flux density Ms of said soft magnetism film becomes 
more than 1.6T (tesla), and can obtain the saturation magnetic flux density Ms beyond 1.8T 
preferably. And in this invention, coercive force He can be preferably set below to 1.50e(s) 
(oersted) at 1 .0 or less Oes. 

[0029] As mentioned above, even if it makes [ many / to 75wt(s)% / from 60wt% ] the 
presentation ratio of the amount of Fe(s), while saturation magnetic flux density Ms can be 
raised, by this invention, the electroplating method which used pulse current can be shown as 
the manufacture approach of the nickel-Fe alloy film which can make coercive force He low. 
[0030] Although the electroplating method which used a direct current was used in the former, in 
this invention, it replaces with a direct current, and by using the electroplating method using 
pulse current, even if it makes [ many ] the presentation ratio of Fe, in addition, the diameter of 
average crystal grain and the center line average of roughness height (Ra) of a film surface can 
be made small, and it enables this to secure the high saturation magnetic flux density Ms and the 
low coercive force He. Moreover, specific resistance can also be kept comparable as the 
conventional nickel-Fe alloy film by the electroplating method using a direct current. 
[0031] As mentioned above, saturation magnetic flux density Ms is high, moreover maintains the 
low coercive force He and the high specific resistance rho, and is using the soft magnetism film 
with a still smaller field dry area by this invention as the lower core layer and/or up core layer of 
the thin film magnetic head (inductive head). It is possible for this to manufacture the thin film 
magnetic head which can respond also to future raise in recording density and quantity record 
frequency-ization. 
[0032] 

[Embodiment of the Invention] Drawing 1 is drawing of longitudinal section of the thin film 
magnetic head of the operation gestalt of this invention. In addition, the end face on the left- 
hand side of [ illustration ] the thin film magnetic head shown in drawing 1 is an opposed face 
with a record medium. 

[0033] The thin film magnetic head in this invention is formed in the trailing side edge side of the 
slider which constitutes a surfacing type head, and is MR / inductive compound-die thin film 
magnetic head (only henceforth the thin film magnetic head) to which the laminating of MR head 
hi and the inductive head h2 for writing was carried out. 

[0034] MR head hi detects the leak field from record media, such as a hard disk, using a 
magneto-resistive effect, and reads a record signal. The lower shielding layer 1 made from soft 
magnetic materials is formed in the trailing side edge side of said slider. 
[0035] As shown in drawing 1 , on said lower shielding layer 1, the magneto-resistive effect 
component layer 3 is formed through the lower gap layer 2 formed of non-magnetic materials, 
such as aluminum 203 (alumina). In addition, said magneto-resistive effect component layer 3 is 
GMR structure represented by the spin bulb film using the AMR structure or giant magneto- 
resistance. 

[0036] On said magneto-resistive effect component layer 3, the lower core layer 5 which 
combines the shielding function in MR head hi and the core function in an inductive head h2 is 
formed through the up gap layer 4 made from a non-magnetic material. 

[0037] As furthermore shown in drawing 1 , on said lower core layer 5, the magnetic gap layer 
(non-magnetic material layer) 6 by an alumina etc. is formed. Furthermore on said magnetic gap 
layer 6, the coil layer 8 by which pattern formation was carried out so that it might become spiral 
superficially through the insulating layer 7 made from polyimide or a resist ingredient is formed. 
In addition, said coil layer 8 is formed with the nonmagnetic conductivity ingredient with small 
electric resistance, such as Cu (copper). 

[0038] Furthermore, said coil layer 8 is surrounded by the insulating layer 9 formed with 
polyimide or a resist ingredient, and the up core layer 10 made from soft magnetic materials is 
formed on said insulating layer 9. 
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[0039] As shown in drawing 1 , in the opposed face with a record medium, it counters through 
said magnetic gap layer 6 on the lower core layer 5, and, as for point 10a of said up core layer 
10, the magnetic gap of the magnetic gap length GI1 is formed, and end face section 10b of the 
up core layer 10 is magnetically connected with the lower core layer 5, as shown in drawing 1 . 
[0040] There is the need of raising saturation magnetic flux density Ms maintaining especially the 
soft magnetic characteristics of the up core layer 10 at the low coercive force He, in order to be 
able to respond to future raise in recording density and quantity record frequency-ization and to 
raise the engine performance of the writing of an inductive head h2. Moreover, when a record 
frequency rises, in order to reduce eddy current loss, there is also the need of making specific 
resistance rho to some extent high. 

[0041] Moreover, also in the lower core layer 5, it is desirable to be formed by the soft 
magnetism film which has many soft magnetic characteristics of the high specific resistance rho 
and the low coercive force He. Although the high thing of the saturation magnetic flux density 
Ms of the lower core layer 5 is desirable, if flux reversal of the leak field between the lower core 
layer 5 and the up core layer 10 is made easy to carry out by making it lower than the saturation 
magnetic flux density Ms of the up core layer 10, it is known that the write-in consistency of the 
signal to a record medium can be made high more. 

[0042] By this invention, the empirical formula of the soft magnetism film used as the lower core 
layer 5 and/or an up core layer 10 is shown by nickel 1-XFeX. 

[0043] And as for said soft magnetism film in this invention, the diameter of average crystal grain 
is formed below in 105A (angstrom). Said diameter of average crystal grain is measured from the 
diffraction profile half-value width of an X diffraction. In addition, it is more desirable in said 
diameter of average crystal grain being 100A or less in this invention. 

[0044] Furthermore by this invention, the presentation ratio X of Fe is set as 60wt% to 75wt(s)% 
of within the limits. In addition, the range of said presentation ratio of Fe is high compared with 
the presentation ratio (about 55 wt(s)%) of the nickel-Fe alloy in the former. Moreover, it is 
desirable to carry out said presentation ratio of Fe more than 67wt% in this invention. 
[0045] Thus, in this invention, while saturation magnetic flux density Ms can be raised by making 
the diameter of average crystal grain detailed to 105A or less, and moreover setting the 
presentation ratio of Fe as 60wt% to 75wt(s)% of within the limits, it is possible to reduce 
coercive force He. 

[0046] Moreover, it is desirable to make the center line average of roughness height (Ra) in a 
film surface into 25A or less in this invention. Said coercive force He is checked by the 
experiment which that coercive force He becomes large mentions later, if effect is received not 
only in the diameter of average crystal grain, and the presentation ratio of Fe but in the value of 
the center line average of roughness height (Ra) and said center line average of roughness 
height (Ra) becomes large. 

[0047] So, in this invention, it is specifically making the diameter of average crystal grain of the 
nickel-Fe alloy film and presentation ratio chisel ** of Fe, and the center line average of 
roughness height (Ra) small to 25A or less, and it becomes possible to aim at the fall of coercive 
force He more certainly. In addition, being set as 1 5A or less is the point that coercive force He 
can be reduced further, and said center line average of roughness height (Ra) has it. [ more 
desirable ] 

[0048] By this invention, the saturation magnetic flux density Ms of said nickel-Fe alloy film can 
be more preferably raised more than 1.8T more than by 1.6T (tesla) as mentioned above by 
adjusting the diameter of average crystal grain of the nickel-Fe alloy film, the presentation ratio 
(wt%) of Fe occupied on the nickel-Fe alloy film, and the center line average of roughness height 
(Ra) of a film surface to fitness within the above-mentioned range of number. It is possible to 
raise said saturation magnetic flux density Ms even to about 1.9T at the maximum especially in 
this invention. 

[0049] It is possible to set preferably 1.5 or less Oes of coercive force He to 1.0 or less Oes by 
this invention furthermore. 

[0050] Moreover, in this invention, plating formation of the nickel-Fe alloy film is carried out by 
the electroplating method using pulse current, and according to this approach, specific 
resistance rho can be set up within the limits of 30micro ohm-cm to 45micro ohm-cm so that it 
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may mention later. This value is almost comparable as the specific resistance rho of the nickel- 
Fe alloy film by which plating formation was carried out by the electroplating method using a 
direct current like before, and high compared with the specific resistance rho of the soft 
magnetism film which contained Co on the nickel-Fe alloy film. 

[0051] Thus, it is possible to manufacture the thin film magnetic head which can respond to a 
raise in future recording density and high record frequency-ization by having the high saturation 
magnetic flux density Ms, and using the nickel-Fe alloy film which can make coercive force He 
small further for the lower core layer 5 and/or the up core layer 10 of the thin film magnetic 
head. Moreover, since specific resistance rho can be set as a to some extent high value in this 
invention, it is also possible to aim at appropriately reduction of the eddy current loss by a 
record frequency becoming high. 

[0052] Moreover, the soft magnetism film in this invention has the small center line average of 
roughness height (Ra) of the film surface, and it is easy to form the up core layer 10 and/or the 
lower core layer 5 which were formed especially by said soft magnetism film near an opposed 
face (side face on the left-hand side of [ which is shown in drawing 1 ] illustration) with the 
record medium to which it is specified as the width of recording track in a predetermined 
configuration proper from said film surface have little generating of a field dry area, and while it 
has been good, it can maintain a recording characteristic. 

[0053] By the way, in this invention, if the presentation ratio of Fe which is carrying out plating 
formation by the electroplating method which used pulse current, and occupies the nickel-Fe 
alloy film in said nickel-Fe alloy film according to this approach is made [ many ], in connection 
with it, saturation magnetic flux density Ms can be raised proper, and it is possible to set the 
diameter of average crystal grain, and the center line average of roughness height (Ra) of a film 
surface as a small value moreover. 

[0054] it is this approach although plating formation of the nickel-Fe alloy film was carried out in 
the former by the electroplating method which used a direct current — the amount of Fe(s) of 
the nickel-Fe alloy film — to some extent — alike — until — if it is made [ many ] ? when 
saturation magnetic flux density Ms will not go up and the amount of Fe(s) moreover increases, 
the diameter of crystal grain will make it big and rough, and a field dry area will become severe. 
And coercive force He will become large by big-and-rough-izing and the field dry area of the 
diameter of crystal grain. 

[0055] Adjustment of the presentation ratio of Fe occupied on the nickel-Fe alloy film is 
performed by adjustment of the concentration of Fe ion occupied during a plating bath, and in 
order to make [ many ] the presentation ratio of Fe occupied in the nickel-Fe alloy film, it has 
the need of enlarging concentration of Fe ion occupied during a plating bath. 
[0056] However, if the concentration of Fe ion under plating bath is increased and electroplating 
of the plating formation is carried out using a direct current in order to increase the presentation 
ratio of Fe, a bias occurs in distribution of the current density to the nickel-Fe alloy film at the 
time of plating formation, and a current will flow continuously intensively to a certain plating side. 
And the bias of such current distribution becomes the cause of promoting big and rough-ization 
of the diameter of crystal grain, and when said diameter of crystal grain makes it big and rough, 
an opening becomes easy to produce it in the plating film. 

[0057] So, in this invention, it replaces with a direct current and the electroplating method using 
pulse current is used. That is, ON/OFF of a current controlling element is repeated, for example, 
and the time amount which passes a current at the time of plating formation, and the blank time 
amount which does not pass a current are established. Thus, it is possible to carry out plating 
formation of the nickel-Fe alloy film little by little, to compare by establishing the time amount 
which does not pass a current, when a direct current is used like before, even if it increases the 
concentration of Fe ion occupied to a plating bath, and to ease the bias of distribution of the 
current density at the time of plating formation. 

[0058] In this invention, since the bias of distribution of the current density at the time of plating 
formation can be reduced by the electroplating method whjch used pulse current, big and rough- 
ization of the diameter of crystal grain can be eased, it becomes possible to make the opening in 
the plating frlm small moreover, and the field dry area in a film surface can be made small. 
[0059] However, in order to promote detailed-ization of the diameter of crystal grain of the 



http://www4.ipdl.jpo.go.jp/cgi-bin/tran_web_cgLejje 



2004/04/01 



6/8 ^— v 



nickel-Fe alloy film appropriately and to control a field dry area, there is the need of rationalizing 
the conditions of said pulse current. 

[0060] For example, as for said pulse current, it is desirable to repeat ON/OFF in several second 
cycle and to set a duty ratio about to 0.1 to 0.5 moreover. 

[0061] Thereby, even if it makes [ many / even to 75wt(s)% / from 60wt(s)% ] the presentation 
ratio of Fe occupied on the nickel-Fe alloy film, the diameter of average crystal grain of said 
nickel-Fe alloy film is made to 105A or less, and, specifically, it becomes possible to set the 
center line average of roughness height as 25A or less further. 

[0062] In this invention, plating formation of the nickel-Fe alloy film was carried out by the 
electroplating method which used pulse current as an example, and by the electroplating method 
using a direct current as an example of a comparison, plating formation of the nickel-Fe alloy film 
was carried out, and the relation between the presentation ratio of Fe in each nickel-Fe alloy 
film and saturation magnetic flux density Ms and the relation between the presentation ratio of 
Fe and coercive force He were investigated. 

[0063] Drawing 2 is a graph which indicates relation with saturation magnetic flux density Ms to 
be the presentation ratio of Fe in the nickel-Fe alloy film (example) by which plating formation 
was carried out by the electroplating method which used pulse current, and the nickel-Fe alloy 
film (example of a comparison) by which plating formation was carried out by the electroplating 
method using a direct current. 

[0064] In the experiment, the presentation ratio of Fe occupied from the plating bath which has 
Fe ion and nickel ion on the nickel-Fe alloy film by which plating formation was carried out by 
carrying out plating formation of the nickel-Fe alloy film, and changing the presentation ratio of 
Fe ion occupied during a plating bath by passing fixed pulse current or a fixed direct current is 
changed. 

[0065] In the case of the electroplating method using a direct current, as shown in d rawin g 2 , 
when the presentation ratio of Fe is enlarged to about abbreviation 67wt%, it turns out that 
saturation magnetic flux density Ms becomes high, it is max and said saturation magnetic flux 
density Ms can be made high with the increment in a presentation ratio at about 1.8T. 
[0066] However, in the case of the electroplating method using a direct current, it turns out that 
it does not become higher [ saturation magnetic flux density Ms ] as for more than 67wt% than 
1 .8T about the presentation ratio of Fe. 

[0067] On the other hand, in the case of the electroplating method using pulse current, it turns 
out that saturation magnetic flux density Ms is high by the rate of increase as the case where 
electroplating is carried out using a direct current with the presentation ratio of Fe almost same 
[ 67wt(s)% ], from about 60 wt(s)%. 

[0068] However, if electroplating is carried out using pulse current, even if the presentation ratio 
of Fe will become more than abbreviation 67wt%, when the saturation magnetic flux density Ms of 
the nickel-Fe alloy film continues going up and said presentation ratio of Fe is made large even 
to about abbreviation 75wt%, it turns out that saturation magnetic flux density Ms becomes high 
even to about 1.9T at the maximum. 

[0069] Thus, the presentation ratio of Fe occupied in the nickel-Fe alloy film can raise saturation 
magnetic flux density Ms as for more than abbreviation 67wt% by carrying out electroplating 
using pulse current. 

[0070] Drawing 3 is a graph which indicates relation with coercive force He to be the 
presentation ratio of Fe occupied on the nickel-Fe alloy film. 

[0071] Also in this experiment, the presentation ratio of Fe v occupied from the plating bath which 
has Fe ion and nickel ion on the nickel-Fe alloy film by which plating formation was carried out 
by carrying out plating formation of the nickel-Fe alloy film, and changing the presentation ratio 
of Fe ion occupied during a plating bath by passing fixed pulse current or a fixed direct current is 
changed. 

[0072] If the presentation ratio of Fe occupied in the nickel-Fe alloy film is made into less than 
[ abbreviation 62wt% ] in the case of the electroplating method using a direct current as shown 
in drawing 3 , coercive force He can be maintained at the low value of about 0.5 or less Oes, but 
when said presentation ratio of Fe is carried out more than abbreviation 62wt%, it turns out that 
coercive force He begins to go up rapidly. And when said coercive force He will be set to 1.0 or 
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more Oes if the presentation ratio of Fe becomes more than abbreviation 65wt%, and the 
presentation ratio of Fe becomes more than abbreviation 67wt% further, it turns out that 1.50e 
is exceeded. 

[0073] on the other hand, the presentation ratio of Fe occupied in the nickel-Fe alloy film in the 
case where electroplating is carried out using pulse current — about 63 — although coercive 
force He will once go up if it carries out more than wt% — the presentation ratio of Fe — about 
75 — even if it makes it large even to about wt%, it turns out that it is possible to keep said 
coercive force He at 1 .0 or less Oes. 

[0074] It is thought that the R/C of the coercive force He over the presentation ratio of Fe 
occupied in the nickel-Fe alloy film can be made small compared with the case where the 
direction at the time of carrying out electroplating using pulse current carries out electroplating 
using a direct current so that clearly from drawing 3 because the diameter of crystal grain of the 
nickel-Fe alloy film can be made small compared with the case where the direction at the time of 
carrying out electroplating using pulse current carries out electroplating using a direct current. 
[0075] Since the blank time amount which does not pass a current at the time of plating 
formation is established in the case where pulse current is used, even if it enlarges 
concentration of Fe ion of a plating bath and enlarges the presentation ratio of Fe occupied in 
the nickel-Fe alloy film, the bias of distribution at the time of plating formation of current density 
is eased, and it is hard to make the diameter of crystal grain big and rough, and hard to be 
generated in an opening in the plating film. 

[0076] On the other hand, in the case where a direct current is used, if the concentration of Fe 
ion under plating bath is increased and electroplating of the plating formation is carried out using 
a direct current in order to increase the presentation ratio of Fe, a bias occurs in distribution of 
the current density to the nickel-Fe alloy film at the time of plating formation, and a current will 
flow continuously intensively to a certain plating side. And the bias of such current distribution 
becomes the cause of promoting big and rough-ization of the diameter of crystal grain, and when 
said diameter of crystal grain makes it big and rough, an opening becomes easy to produce it in 
the plating film. 

[0077] Although the problem of big-and-rough-izing of the diameter of crystal grain also affects 
saturation magnetic flux density Ms, if the presentation ratio of Fe is enlarged even when 
electroplating of it is carried out using a direct current as shown in drawing 2 since said 
especially saturation magnetic flux density Ms is greatly influenced by the presentation ratio of 
Fe occupied in the nickel-Fe alloy film, it can raise said saturation magnetic flux density Ms 
comparatively. 

[0078] However, coercive force He understands that it is impossible to reduce coercive force He 
at the same time it raises saturation magnetic flux density Ms as it is the approach of coercive 
force He going up rapidly and carrying out electroplating using a direct current in this way by big 
and rough-ization of the diameter of crystal grain by raising the presentation ratio of Fe, when 
big effect is received in the diameter of crystal grain of the nickel-Fe alloy film, especially carries 
out electroplating using a direct current. 

[0079] It is desirable by referring to drawing 2 and drawin g 3 in this invention to set the 
presentation ratio of Fe which carries out plating formation of the nickel-Fe alloy film by the 
electroplating method using pulse current, and is occupied in said nickel-Fe alloy film in this case 
as 60wt% to 75wt(s)% of within the limits. As this shows drawing 2 , it is possible to be able to 
carry out saturation magnetic flux density Ms more than 1.6T, and to make it desirable more 
than 1.8T. 

[0080] Moreover, as shown in drawing 3 , it becomes possible to keep coercive force He at 1 .0 or 
less Oes, but said especially coercive force He receives big effect in the magnitude of not only 
the presentation ratio of Fe but the diameter of crystal grain, as mentioned above. 
[0081] So, in this invention, the presentation ratio of Fe occupied in the nickel-Fe alloy film was 
set up to 72wt(s)%, and it investigated about the relation of the diameter of average crystal grain 
of said nickel-Fe alloy film and coercive force He at the time of changing and carrying out 
electroplating of the conditions of pulse current. In addition, the diameter of average crystal 
grain is the value measured from the diffraction profile half-value width of an X diffraction. 
[0082] As shown in drawing 4 , when the diameter of average crystal grain becomes large shows 



http://www4.ipdljpo.go.jp/cgi-bin/tran_web_cgi_eije 



2004/04/01 



8/8 



that coercive force He goes up. And in this invention, said diameter of average crystal grain was 
set as 1 05A or less from the experimental result shown in drawing 4 . Thereby, it turns out that 
coercive force He can be kept at 1.5 or less Oes. Moreover, if said diameter of average crystal 
grain is made into 100A or less, it turns out that said coercive force He can be set as 1.0 or less 
Oes. 

[0083] Moreover, said coercive force He has the need of rationalizing said center line average of 
roughness height (Ra), in order to receive effect in the center line average of roughness height 
(Ra) of not only rationalization of the diameter of crystal grain but a film surface, and to close 
the fall of said coercive force He, if . 

[0084] So, in this invention, the presentation ratio of Fe occupied in the nickel-Fe alloy film was 
set up to 72wt(s)%, and it investigated about the relation of the center line average of roughness 
height (Ra) of said nickel-Fe alloy film and coercive force He at the time of changing and 
carrying out electroplating of the conditions of pulse current. 

[0085] As shown in drawing 5 , when the center line average of roughness height (Ra) of a film 
surface becomes large, it turns out that coercive force He becomes large. 

[0086] And in this invention, said center line average of roughness height (Ra) was set as 25A or 
less from the experimental result shown in dr awin g 5 . Thereby, it turns out that coercive force 
He can be kept at 1.5 or less Oes. Moreover, if said center line average of roughness height (Ra) 
is made into 15A or less, it turns out that said coercive force He can be set as 1.0 or less Oes. 
[0087] The diameter of average crystal grain is set as 105A or less for said presentation ratio of 
Fe at 60wt(s)% to 75wt(s)% of within the limits, carrying out plating formation of the nickel-Fe 
alloy by this invention by the electroplating method which used pulse current from the 
experimental result shown in drawing 2 thru/or drawing 5 above, and keeping pulse conditions 
etc. proper. It is desirable to set the center line average of roughness height as 25A or less by 
this invention furthermore. Thereby, saturation magnetic flux density Ms is made more than 1.6T, 
and coercive force He can be set as 1 .5 or less Oes. 

[0088] Moreover, it is more desirable to carry out the presentation ratio of Fe more than 67wt% 
in this invention. Thereby, saturation magnetic flux density Ms can be set up more than 1.8T. 
[0089] It is desirable to make the diameter of average crystal grain into 100A or less, and to 
make the center line average of roughness height into 1 5A or less further by this invention, 
furthermore. It enables this to set coercive force He as 1 .0 or less Oes. 
[0090] 

[Effect of the Invention] In this invention explained in full detail above, while saturation magnetic 
flux density Ms can be raised by an empirical formula's making the diameter of average crystal 
grain of the soft magnetism film expressed with nickeM-XFeX 105A or less, and moreover 
setting the presentation ratio X of Fe as 60wt% to 75wt(s)% of within the limits, it becomes 
possible to make coercive force He low. In addition, setting the center line average of roughness 
height of a film surface as 25A or less can reduce coercive force He certainly, and it is desirable. 

[0091] If plating formation of the nickel-Fe alloy film is carried out by the electroplating method 
using pulse current, it will become possible to set up appropriately within limits which described 
above the diameter of average crystal grain, the presentation ratio of Fe, and the center line 
average of roughness height. 

[0092] As mentioned above, if the nickel-Fe alloy film which has many soft magnetic 
characteristics of the high saturation magnetic flux density Ms and the low coercive force He is 
used for the up core layer and/or lower core layer of the thin film magnetic head, the thin film 
magnetic head which can respond to a raise in future recording density and high-frequency- 
ization can be manufactured. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing of longitudinal section of the thin film magnetic head of the operation 
gestalt of this invention, 

[Drawing 2] The graph which shows the relation of the presentation ratio of Fe and saturation 
magnetic flux density Ms at the time of forming the nickel-Fe alloy film by the case where the 
nickel-Fe alloy film is formed by the electroplating method using pulse current, and the 
electroplating method using a direct current, 

[Drawing_3]. The graph which shows the relation of the presentation ratio of Fe and coercive 
force He at the time of forming the nickel-Fe alloy film by the case where the nickel-Fe alloy 
film is formed by the electroplating method using pulse current, and the electroplating method 
using a direct current 

[Drawing 4] The graph which shows the relation of the diameter of average crystal grain of the 
nickel-Fe alloy film and coercive force He by which plating formation was carried out by the 
electroplating method using pulse current, 

[Drawing 5] The graph which shows the relation of the center line average of roughness height of 
the nickel-Fe alloy film and coercive force He by which plating formation was carried out by the 
electroplating method using pulse current, 
[Description of Notations] 

1 Lower Shielding Layer 

2 Lower Gap Layer 

3 Magneto-resistive Effect Component Layer 

4 Up Gap Layer 

5 Lower Core Layer 

6 Magnetic Gap Layer 

7 Nine Insulating layer 

8 Coil Layer 

10 Up Core Layer 
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* NOTICES * 



Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 




[Dr awing 2] 



20 
IB 



L4 



fEE 

1 

i 



50 55 



60 1 



iTO 75 80 



[Drawing 3] 




B3 



SO 55 B0/_\_\ \S5 70 75 80 

[Drawing 4] 



http://www4.ipdl jpo.gojp/cgi-bin/tranj/veb_cgi_ejje 



2004/04/01 



2/2 s<— is 



84 





















— ♦ — 














• 






—7* 


*1 









75 85 95 \jl05 115 125 186 
¥**«AttS [A] 



[Drawing 5] 

as 



40 




[Translation done.] 



http://www4.ipdljpo.go.jp/cgi-bin/tran_web_cgLeije 



2004/04/01 



maxmmiT a p) 02) & M 4$ It & 4g (a) 



#^2001 -6931 
(P20G1-6931A) 

(43)&HB ¥f&lZ¥ 1 £12B (2001. 1. 12) 



<51)IntCl. T 

HO IF 10/14 

G 1 1 B 5/31 

HO IF 41/26 



F I 

HO IF 10/14 

G 1 1 B 5/31 

HO IF 41/28 



r-?3-r(##) 

5D0 3 3 
C 5E049 



iSSaiJlc # Bf#Jg®«17 OL (i8H) 



(21)fH«## 


ftH¥l 1-173895 


(7DIH&A 


000010098 














(22) ABB 


¥£l 1*P 6 B21 3(1999.6.21) 




JfGiaR*HK#a*Sir 1 # 7 ^ 








(72)3gl#tf 


A3* 










mSJ5*HKm«*«Br 1 # 7 ^ 


















(72)&!»g 












jiosci&*HKa«;fc8W 1 # 7 


7)W 
















(74)ftS!A 


100085453 












mkm< 



(54) B8W©£ffc] «3SWiRRWE-©fSS*j*» ^S^fcJKOicSBHtKSfflV^UfKa^^y H 



(57) [£ft] 

£ £ ifiWtCfo ft. 

n i - f e /vixmm&m ^ 
1 fcmm* v *mz <t 0 * y irBtftrn « , ngn i - f 

Fe©|&j£it£> 6 0wt»P,7 5wt %\ZWCfcfZ> 
5 Stf/SfcWJhSBrj 7B 1 0 t LT«ffl-r-5 £ t t«t 




^2001-006931 



IffiXm 1 ] fflfifciW. N i i-xF e xx-^^n, 

fg&tiLmt. i o 5A£TF-e&9. LfrhFeommit 

Xtt, 6 Owt%)5^7 5w t %<Dl6BrtT?&5;i££ 

[»*S3] BaEFe©ifflj?fcJtfcL 6 7wt%&LLT 

[»#«4] REtt^R©Rffi©*'bR¥J9&£ 

(Ra) (i2 5A^TTafe^iS*«l^^L3©^-rtl 

[R$fl5] REtt8ttR©RR©^btt¥i3&£ 

(Ra) ttl 5A«TT*5R:#!H4ER©W8ttR. 

[r&b 6 ] ttEttRttRoRattg&i&M s r±. 

Oftfltttffi. 

i. 8T£UT*3R#B6E*©W8ttR. 
an*B8] %am$m&m<»mLj3Hc\t. i. so 

W#H9] - fffittB^OfiWEftHctt. 1. OO 
e &TF-?&Z>m3m 8 ER©tttt&R. 

[■Mea i o j remb&rii. * v =*• t ± o mmz 
tiTto&m&x ©* vrnft*ideft©iti&& 

R. 

[R$8 11] D«4S, N i i-xF exT'^£ft5$»; 

y +Mt5 £ £ <&#m<?:T-5 tHB&R©SiS£&. 
[R&B 1 2 ] IM8ttR©ISdl&g£ 1 0 5 AttTK 
U L^fcF e©i®J&JtX£, 6 0wt%i^75wt 

xt?»rtsr*jh 1 1 E3£©t«5&£BS©Sji#t£. 

HM&B13] MG¥^RAttS«. lOOA^TT 
#JM--5R#» 1 2Eft©ttflittR©K&#&. 

[ffl*ai4] ifEFe©iiifi&tt:£. 6 7.wtXK± 
'T»j£rsR*JBl 2ifc«l 3.£ER©IM8ttR©S 

n«9 1 5 ] R£tlcR1»©RS©4><f>RrJ3fi3 
(Ra) £2 5 A£lTraj£-rSM$£ 1 4 
©i>t*i*>lcE«©IH&ttR©«iBjErBu 

[r*« 1 6 ] ffl£ttRttR©RR©*&ft¥«&d 

(Ra) £1 5AaTT»Jfcr'&»*«l 5Em©#« 
[ffisfcl 1 7 ] «tttm»©TR3 7B t . E&Rtt 

7RRtf/*fcttT«:i7Rtt, R#Hlfcl»blO© 



»«£-rs»R«s^y h. 

[%9!©§¥*fflftI5£9» 
[0 0 0 1] 

y H©37«tUT«yasn*iic«ttincffo. mzm 

&mmj&®mM s , fi«^*H c ©tit«JM*tt£*rra 

W8ttRftt«-©«iED&8;. ft&tffcCl©tt«tt«l*ffl 
^fcWRR&'SyFKjrrs. 
[0 0 0 2] 

^r^A^Kt. R*&*JB©MR'\y Ftfr&R 

[00 0 3] RE-* >^t-W ^y Ftt, -«»ic. 

#«tt©4 J +y^JI*^UT»|i»rr*±*n7Ht % H 
a 71 fcBR«#*RRT *fc«&©=K>Wi t LX 
ffitftznz. ft*T«> ME±»:3 7RfttfTtt3 7R 

fcL Ni-Fe^M (/wa-f) te£©gE#©t8te 

[0004] 

EN i - F e ££R£, iftftRaE&ja y 

Fe©ffl^it?&4 5~5 5wt%eStCbTfeDv £© 
»&, MEN i -F e&&R©fi$flBJ|E&ftMs Sr. R 

[0 0 0 5] U*>Lfc#&, ^©JKERfiMMfcfcff 
E&!Bft&ft±£-££ft:&lCtt« 3£lCffV*RftR 

imms s«-r*tt«ttR3WEasnTt»a. 

[0 0 06] REfi3H8$R£M s £|Sj±£-tt£:£j£<h 
UT«, Fe©i&Ji£it£S6K^<T5£<h##*Sn 
S. *£Ttt*©«fc-3fc. R«R«*fflV>fcRft^y* 
ttfcAoTF e ©&fiSJt£ift 6. 7 w t %gg£T-#< U 
TV><i:» RftRARftM s «K 1 .■ 8T@St*T± 
tf^n^ d R)Tr<&^R(cJ:-3TRBdn^^ 
Fe©Mj£J££6 7wt%ii)#<l/Tfe, ilEfiaft^ 

[0 0 0 7] b*»>b, R«W«*«^fc«a^y*i6K: 
J:-aTFe©fflJsKit*»6 2wt%a±t:#<ni, 
»ftttffi©tt*fc*»R*fc&D» RiB©iKRn3a«»£< 

*aff©«Wcft:-iB3KnK:«fc»3. «BS^Hc*i, >%Stt 

[o oo 8] z<n& ; 5tz.waLW&&m*ii&s.*y*& 

X'it. N i -F e££RipK£&£FeS&£< 

"b, ^R©*E»«*ftK:*H6T**a§E©Kt>R»« 



#§32001-006931 



[00 0 9] *fgB^tt±ffi«E*©g8S^^-r-5fcJe)© 
0 . i F e £&©&SJfi$j£&gM s 

&m&m%.zt*:<Dm%ijm. tezmz. z.<D&.m&mz 
ziTmizmm-r^z.tiz^r. mmm^mt-^m 
mfc&Mzftm ^m^mmmm^ y k £ m&-r z> ztz 

[0 0 10] 

N i i-xFexTS£tt, 1 0 

l/^fcFeWifij&JtXfcL 6 0wt% 
7 5w t %©S8fflftT*5;it£#®£-r-5 , t>0-e 

[0 0 11] *^tfclt4Uc^ttMT{i. 

[0 0 12] SfcWJTkiU 1n[f2F eO&J&Jttt, 6 
7 w t %£JUT&-S t 

[0 0 13] $^IC*^Ttt, BM2#«8H4lg£©lg|ffi© 
<f'&M¥i9&d (Ra) tt2 5A£tTTfe-5^t:0W* 

[0 0 14] ±l2£#©TT*y*^£nfcMi2ftt8 
tt^©gafPJK^SM s HU 1. 6TK±TfeO, 

b<tt. mmm&mwmmmifrmmMs^ 1. st 
[0015] *fc#3wn?ra, atieii&mttiicDflMifcjjH 

L<«, 1. OOeHTm. 

[0 016] zttmw&t. mm®.m&m\z. 

[00173 mtz*mmiz&vz>®m&m<Dm&Js& 
w&m^ n i i-xF eic*znz>$m&m*. n 

)lXmffi$:m^tzn%.*y3rmiZJ:9. J-v^rMtfCtZ 
Z t &&Wl£-rz> t>Oir*-5o 
[0 0 18] *IiTlt ME/l^xm^Sffll^fl^i 
^y+fetctoT. &&£&©*iNl&g£ 1 0 5 A&T 
fc-U L^fcFetfMfajifcJtXS:. 6 0 w t 7 5w 
t % TJgffcf -5 £ <h 3 . 

[0019] fc*#»9ma, ME^fis&ttse, 1 

0 0 AOTT^f £ £ L l>„ 

[0 0 2 0] BfrffiFeOjfl^tt^ 6 

7 w t %S*±Tf^J$-r-5 £ t £ L lf>. 

[0 0 2 1] Bifl2^ttlg©IS®©^ 
<ftR¥J£&3 (Ra) «2 SAHTTJBJft'TSZl&tfJfF 
£0#£b<kl;> 1 5AKTT^T-5Clfe 

[0 0 2 2] $SK#f8BJtt, fi&tt*m$!|©TBB3 7® 



[0 0 2 3] *^BJ{C^^5DCiSttli€>a^tt, N i 
i-xFex7^£tt3„ N i RtfF e teffiBtt£S 

[0024] *^BJT«» N i — F e 3"&ffii©¥iS&il 

m&x.zfmmfrm&m>t>\z£itb?>F e ©a^it ( w t 

$S£M s £S*T 1 . 9Tggjc*-ciis<-e$-5c:t 

[0 0 2 5] U^*>*»9iTtt, &fPB$m&«M s £± 

g-Zitzzttf-ezztrnmiz. »§AHc$y^< 

[0 0 2 6] fc£L#K&{B;*7Hctt, ^ISA&SK 
F e ©^it©^tCj^#£§tt-5CDT-tt& < „ giffi© 
f'frMWCittd (Ra) &ME{£l,t£tot* <fc9tt&lc 

[0 0 2 7] N i - Fe^IO¥^l 

0 5A£TFlzU Lfrfelt4>££»SFe<D!i 

^tfc^6 0wt%*^7 5wt%©i5HF*3{CtS^U. 5 
&£R9®*&iB¥i3&£ (Ra) *2 5A«TK:-r5 

[0 0 2 8] ^tlfCctOv WI2^ttlg©tSlmK^g 
Msttl. 6T (fX7) fiUrKftO, $f£L<tt. 
1.8 T£U©8?Pfi&3|?$ggM s £#5 H trtt-C^S. 
b^fe^HJTtt^^H c $• 1 . 5 O e (DPXfy 
F) «TtC ffSKtti. OOeKTfcRJTTftJli: 

[0 0 2 9] ±E©«t3fc, Fe4©jflj£Jt£\ 60w 
t%d^7 5wt%tC#<bT : t), ffiinS^flfftMsS 
|6l± 5 it3 £ t * -5 <h ^^flC^a^H c <HS < f -5 
rt)&^€r-5N t - F e££R©«jfi#&£bT*$M! 

[0 0 3 0] «*TT»*» iS*««*iBV»fc«»^y*ft 

;i/XSSt$rffl^c«m>^+SS^ffl-r-5^iT% Fe 
©a^Jt^#<LTfe*:*, ¥J3£&&SRtfKiiia>'f* 
-C.^¥^ft$ (Ra) /h$<TSrtd^T^> 
C«t D^^tSfta^a^M s S?/<gVi»m*H c 

[0 0 3 1] ^±©ck3lC. fefttt&ftftMstfflK, 



&BS200 1-006931 



[0 0 3 2] 

[f89i©*6&©H^] 0 1 x-ftwommmmomm 
[oo3 3] *%w\ztm zmmmm^v kh. sutss; 

[0 0 3 4] MR^yFhltt, mafi#t^*£fiJffl L 
[ 0 0 3 5 ] m 1 \Z*T «k 5 iETSv-^ KB 1 

©±fc«. Ai 2 o 3 (7^5^-) tna<D#mi$ittn\ziL 

¥>/vi~7mizttmt£nz> GMRmm-e&z. 
[0 036] tttEmms£&mx=?m 3 ©±k«. #m 

[0 0 3 7] $^{c01{c*-r«kp{^ B&gBTg&n7B 
5©±t«7;U5^<h*tct^e^*i-yyS (INStt 

7 - L T¥B W £ 5 J; -5 £A * - > 

8ttCu m &£©««iSR©>hSl»#Btt»«tt# 

[0 0 3 8] $€>tC> ME3-f^l8»i*U-f5l«*fc 
&B 9 ©±KtHBtt*m»©±«:i 7110 

[0 0 3 9] HlCS"i\fc3fc, wll2±S8n7Bl 0© 

-v v 7fi g 11 omfs.* * y nx4s 0 „ 

±SP3 7B 1 0 ©SS8S& 1 0 b tt0 1 fcjR-T A 3 fc. "F 



[004 0] ^©i^Efit^Sft - AfBSfittSMbC:** 

'-i>yi?7-<C7^y Hh 2©«&^©tttg£|Sj 

±s-e*cia, »ic±*37Jii o©«cemiftt5, <£ 

««*HclCft-5&a«&, fift«E«flf«Ms*|«iI±a-tt' 

[0 0 4 1] SfcT»37l5t*HTfe, Altffi&i 
p , Rtfffi«8l2rH c ©Sgtt83M$tt&rrs«M8tt£ 
T'J^£n3 31£/5*$?£LK, Tffi3 7H5©fi$H8$ 
^KMsttJtSl^tAW^b^*^ ±SH3 7llO©{§ 

5 £±«=i7Ji 1 0 £©Wfc*»t*ttn«**«fl:R<E 

[0042] #Sg9ITtt, TSEn7B 5Rtf/* fcli± 
i i-xF ex"T?7K£*l3. 

[0 0 4 3] L**fe:*M££ttsatB*HH£Rtt. 
©wsti*no5A w>^hu-A) &rfiz 

9!T»i» ME?^H A«iS«t 1 0 0 AMTX-fo ft £ «fc D 

[0 0 4 4] £5tr*9E9m£. Fe©fflj£JtXj&*. 6 
0wt»^75wt %©l5HrttC^$nT^-5. & 
is. iEF e ©ffi^Jt©$6Htt. aatfr*»t*N i -F 
e£-&©fflj£it (#55 5wt%) tCtt^TiSKftoTV* 
S„ Sfc*5§B^T«, iEFe ©m^Jt^ 6 7 w t %JW 

[0 04 5] d©ct5(C*^WT«, ^ISAttS^l 
0'5A»TiClHnfl:U, L^feFe©mfi£tfcSr, 6 Ow 
t%*^7 5wt ^©igHrtfCiS^-r-S^tJrJcO. |g 

H c £{£M£-ti:-5 £ t*tpJ|g(c^:oT^?>„ 
[0 046] £fc*%9]-CH:. ^ffiC^ltSft 3 ^^^ 

aa (Ra) 2 5 AaTfc-rs^taiwsu^. 

E«®*H c f4» ¥^^S14gR^F e ©fflf£lt©*& 

6*r. t'Dji^tta (Ra) ©«icb*»*gw-, m 

Bf'C^T^aS (Ra) fiW*H'c 
[0 04 7] ^dT*f!BJTtt, N i -Fe^ROT 

i5»fte«fttfFe©iufcit©*&-r. •f'Miwtts 

(Ra) **»ICI42 5ART»C/J^<-TS^i: 
5. tt*IWB**«Waa (Ra) \t. 1 5A^TJC 
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[0 0 4 8]«±©ctp{I*^^T«, Ni-Fe^ 
m<D¥-t$&gk$L&. Ni-Fe^lCiJi)5Fe®a 
£Jt (wt%) . RZfmmO'P'b&^tsmZ (Ra) 

9, IMEN i -Fe^MfflW$SfiMs^l. 6 
T-(fX7) 6tt. <tOjf?*b<«l. 8TK±C±# 

SMs^tl. 9T8Kfc*T±#a*5i:t*niI 

[0 049] a 6fc*«9iTtt, ^©*H c & , 1.5 
OeOT. #£b<ttl. OOefiATfC-T-Svlt^pIfig 

[0 0 5 0] $fc*38!HTtt, SB«-rs«fc3k:, /w* 

ft^£^£*^;*y*i£t;;J;DN i - Fe^I^ 
yJrM&LTjsr). dO*&lcJ;n«. JtjgJip£3 0 
ffQ-c 4 5 u Q • c mCDfgfflP'gfC^ST^ -5. 

t<toT^y+^$nfcN i - F e^-^ODltetfip 
tS^g^T&D, S£Ni-Fe^MI:Co^ 
WLfc#CBM©ltJgt<iL p \ZVc<<Tn< S^TV^. 
[00 5 1] £©J;5lr&^&?M8jfcmgMs£WU 
2t>lZ&mtlHc$:fr2<-fZ>Z.tWnjmf3.N i-Fe 
$&M£Mn8ft's? F©T8537B5 2fctf/£*:tt± 
OIC&fflTSdtKcfctK 4"&©iiSi2&&g 

ZL t fC <fc-5fi«aitjf fc©ffiM£ ®«Jt05 H <h fc^JfiT 

[0052] *^*56wt*tt^^mttn«, *<omm 
©^gi^aa (Ra) jovm*<, ffiizmmzmnn 
<D%±ifi4>tz^z.tfrt>. mzmmm^m-Qm^n 

mttmomm) #ia-r. mMmmzmiE\zm^,L^'r 

.[00 53] <hC5T*^-C(i. Nl-F«#« 

LTiJD. Z\<D%m\z£tl& tmN i - FeMKt 
fc£#3Fe©;fij&H:£#<-rst, -tnfcffK &fn 

^URUfmcD^^m^mn^ (Ra) &*$miic 

[0 0 5 4] fE*T?tt. S«WB«tJBt»fc«S/y*l6 
©*ftT*5<t> Ni-Fe^&|gi©Feft£. 

*fcu s%ti*t^t*<»s. *ut» &s&&©;&*: 



[0 0 5 5] Ni -Fe&&K££&<5Fe<D!Bj$Jt0!) 
IBgtJ, ;ty*@*££«SFe<:*>©8&C!>H£E£ 
iOfT^ton. Ni-Fe^ltllfiWFeCffi^ 
Jt**<TSfctt. /ft^lCfiWF e-f *>©}© 

[0 0 5 6] Fe0fij£Jfc£Ji*>-r&»l;:* 
y*®4 , ©Fe<:*>©jgK£tt J S>U jty=Hgj££B 
%*K£fflV>'ttlft;t ;*«y*JgfifcPf©N i 

- Fe^Kt^-r5SliSSS©^(C<S0^4L, 

[0 0 5 7] *JlT*f89i-ett. SiS6*«EfcftjtT/W 

xmasffl «r»fc*a^ v +&**£«-rs n t k bx^ 

fcT. N i -FeaMS. 4>L-ft>^>y 
^bT;*>y**g{;:£i*-5Fe-1'3->©jgg£ 

[00 58] ttwvtt* /vvxmwt&m^tzn&ty 
•ess. 

[00 5 9] WSttKN i -F e£-£Bi©*£A&g 

[oo6o] mz.\mm/viznmi~ mpiM?*-? 

ON/OF FSRgU L^fcxi-T-'CitSr, 0. 1 

[0 0 6 1] CttfciDJWfrttfctt, Ni-Fe£&B£ 
lc£«>5 F e ©&i£Jt& 6 Ow t X*>6 7 5 w t 
T2K bTt>, ttfiN i -F e^K©¥£ISAtte£ 

1 0 5 A«TfcT?€r, $ &£f>6ag¥i£&£ £ 2 5 AE* 

[0 0 6 2] *%9T?tt. ^^<hbT/1)PX«gS^ffl 
Vifcaa^y+ttCfcO. Nl-Fe^RS^y+» 

N i -Fe££RS*y*j|&SUT, $Ni- 
Fe^*B«C*»J*FeCD«Watt» ia«i$%$Ms 
t©Wff. SC^F e ©ttAtt^fiMBAH c t©§l^$Bi 

[0 0 6 3 ] 02 tt. 
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nfcN i - Fe^l Omm) \z&VZ>Fe <Dim.lt 

[0 0 6 4] ^Tte. Fe-ft>tNi'f*>J|ft 
■5 — fe<D/Vl7>mfi&&2>W-i* —fe<DW. 

EfcL. WWCtS^SFe-f *><D&mit£%x.2> 

[0 0 6 5] 02^1-^3^. mttttt&J&b>fc*ft 

;* y *J£©*§£TW:; F e Officii 6 7 w t 

1. 8T@g££Xig<X£3££#:b^&o 

[0066] b.z.ztf. mMWM*m^tcm.%*v*m 

FeCDfflfiKtfc=&6 7wt%JK±trUTfe> 
ItflMslll. 8T«fc0fei^<^;&^^^i*^^ 

[0 0 6 7] AJ^««Sffl^fc««ply*ttC!) 

Fe©ijflJ5£Jtas. i^6 0wt%^e>6 7wt%* 

[0068] t^5*J, /t;PX*git*ffl UT*a* y * 
■T5t, Fe©aj«ltd^6 7wt%iK±fCi^r?T ! b> 
N i - F e-&&BI©&»®EJfc&gM s liJh#L^lt. b9 
BFe©f&s£lt£*57 5wt%ggCST*t<t5 

[0 0 6 9] Cl<D«fc5tC, /UI'>l*tt&Jlib>T*ft;t? 

*?%Z.tlZ<i:<0. N i - F e$&mWZ&tbZ>F e<D 
ffl^tfcSr*56 7wt%^±tCbTt). &fnfi&jfi&gMs 

[0 0 7 0] H3tt, Ni-FeMH:iS*5Fe0 

[0 0 7 1] ZL<D$miZ&^T'b. Fe-f^>tNK 

-%.<Dmmmffi.Zffi.-?Z.t\ZJ:-DTN i-Fe^ 
B££*>y*J£fiSU *y*»»t»lCi5*3Fe'f:t>0ift 
Jfcit^ASdtJCk!), ;*y*^j££tlfcN i - Fe 

[0072] maizTsk-r&oiz. \&ffi.nffi.*m^tcn%. 

N i -F e£;&m t t>\Z&lt)ZF eO>®. 
f£Jt£, *56 2wt %6HTtf-5i:, ffii^Hc^ ® 
0. 50e«T©<ftHIK&oc:£#T-i*3#, b5I3F 
ecD3flf£Jt£#56 2wt%K±l:nt, MAHcli 

eft, FeOffi^it*^6 5wt%J^±{C^-5<h, 1. 
OOefiUiKfcO, $^ICFe©ffifigit){»%6 7wt % 
&>±\Ztl2>£. l. 50e£illx.XU3; 5 
5. 



[0 0 7 3] dtllCttU /^T.«oS$-ffl^T«^^-y 
* bfc^Tti, N i - F e S&Mt'f'lc£g>2 F e ©ffl 
J5£Jt£i&6 3w t %IH±\Z-TZ>£. fti*Hcli-l± 
f^T-S^ FeCDiffl$it££j7 5 w t %ggt;:£X*£ 
<LXfc. iieffilAHc^l. 0Oe«T(C^t?dt 

[0 0 7 4] 03)5^^6.A^«fc5^ /W;*«Sit£ffl 

e <Dmf$.it\z*i~rz>&mtiH c ©±jw**s < t-^s 

ttsSt«Sit^ffl^T«m^^*Lfc^{CJt-<, N i-F 
[0 0 7 5] /^J^IK!SSffll»fc«^T?tt. ;*y*J&J5fc 

m\znffi*mt£U^&&t2.i%m&mv*>nz>tcit)\z, * 

y*«©Fe'f:*>0»*S**<U Ni-Fe^ 
m#\Z&lbZ>Fe<Dmf&tt$:*.Z<LTb. *y*»J« 

mzmffi%&<Dfti5<D<Mr)\mmt£n. msasLmtmx. 

[0 0 7 6] £fttC#U a8£SSt£JHt>£:4§^T-tt, 
F e ©ffi^Jt^m^-rfc^fC^ 'y+S+OF e -f *><D 

*-rz>t. ty^BimoN i ^Fe&&mizM-rz>m 
ffi&m<Dftm\zm o u &s * „ ^®tr*^*m 
fWicaos^Lxstn^. ^-ux, ^©<t^a«g» 

[0077] %n,mm<D®.*:it<Dr$mte* nmmumm. 

M s *». lW§2&ft&3£^M s tt. «f 

KNi - Fe^^'1»^^«6SFe©fflfiKJt:{C^:*<j^ 
S^n-5fca?>0 2tc^TJ;5fc, itt^S^ffl^xmm 

*y3rUtz®£T-b. Fe©a^jt^^<-rn«, tk 

[0 0 7 8] l*l/S;)!i^«S*Hclt Ni-Fe^ 

^Tmrntv^vtzmsiz* Fe<Dtmit^±^^?> 

fc±#LXL$^, dC0.k'5lCEtStmffiS:ffl^X«^^ 

[0 0 7 9] *^Xtt. @2RZ/03 5r#fi8-r ; 5v:<»: 
CiD, N i -Fe^K^/^XSffiSrfflV^cmm^ 
y+fe{C«t0^y*^U, Z.(Dm&* MENi-Fe 
^^+Jc:£i&.2>Fe©Jfl^JtS:, 6 0wtX*6.7 5 

0 2IC^TJ;3C, ^fP^^SMs^, 1. 6Ttt± 
IZtZZttfTZ, Jf*b<tt> 1. 8T«±JC1"5^ 
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[0 0 8 0] *&H3fc*-rJ:5fc, SiS^Hc^, 

[0 0 8 1]-?-^T*^TIl Ni-Fe^K+tC 
£#5 Fe 7 2wtX<3R£U /WX^St 

F e ^MIWS&il&gt&fifcJjH c tom&lZ-D^ 
[0 0 8 2] 04IC;*T«fc5K, ¥^JSfteS3&»**< 

£fcii&SB¥J$i!g|l&g£. 1 0 0 AerFKTfttf, 
SSAHcSl. OOeOTcK^T^-S^i**^ 

[0 0 8 3] *£ffife&J&7jH c tt, *SH&g0>®iE{fc 
OJ)-t£t>-f. ffitffi©+'i>iS¥^»;* (Ra) tCfcfiJSS: 

B+^m^as (Ra) *miEtt,-rz»&mm*&z>. 

[0 0 8 4] N i -F e&&mWz 

fi*5Fe©a^M7 2wt%lcitU /1Jl/X«8g 

[0 085] 05 fC^1-«t 5 \zmm<D$>>b1&¥t$18.2 
(Ra) *t^<^^t. «&#Hctt*£<&.5;L£ 

[0086] ^LT^mmT-im s hs-t^ows*** 

fl3ffi4»'i>^¥^fi$ (Ra) £2 5A£(TlcR£L 
&. CiniC±0«e*Hc&l. 50eUTlZ&-DZ\£ 
J^tSCt^S. ifcME"fiWl^ (R 
a) £. 15AKTt-rn«, MB&fi&TjH c £ 1 . 0 

[0 0 8 7] &±02&UL05fc:*r*lfcSi§3IJ^ 
#&93T«U Ni-FeMS, /WX«S&£fl§<,>/i« 

%*y*mz£r>*y*rj&tftL. /vix&ftmzmiEiz 

SdEFe©ffl^JtS:60wt%^e.7 5w 
t X0(BH ftfc. ¥i^lS*eaS 1 0 5 A«Tfcfl»£L 

SMsJ. 1. 6T«±fcT?*, tfcfl»AHc61. 
5 O e RTHBJ&r* H t&T-%Z>. 
[0 0 8 8] StetgHTtt. Fe©ffl^M6 7wt 
,X£U:fc1"3£fcj&«J:BflFS:U>. Z\tl\z£*)®KlMJfL 

[0 0 8 9] $ 5t*3B«T»4, ¥£ftffattS&« 1 0 



5^t#!?*lK £nCJ:D&flttrHc£l. 0Oe 
[0 0 9 0] 

i-xF exT?*Sna*«ttK©¥«Stia»flS 1 0 5 A 
KTKU L#>feFe«)ttjftJtX&,. 60wtX*67 
5wt%Ol5fflrt^it-r5C:i:tCj;t)v ffiffttKttft 

2 5 AfilT.fcHsrr* - &&7JH c £tt£tt£K 
[0 0 9 1] /WX«^£)?H^cSm*y Affile.}; D» 

n i - f e -et&m** v 4matrtn£, vsma&m* 

[00 92] Rt. &®fD&j|C2BgM s fttffiftjBAH 
c©Ktt«j5WttS*f5N i - Fe^MS. ffBHS 

[a i ] *%w<Dnmwm<Dmwmm.'\v Fotmm 
0, 

[02] /visxmvi&m^tcmmtv^mzxr), ni 

-Fe££KS»fiBUfc»£i. jK8E*tt&fflfr>fcWft 

*y=H£ICj;9. N i -Fe££R*»tiEUfc*£te:fe 

7 7. 

[03] /WUK«*JB^fc*«;ly*ftK:J:D, Nl 
-Fe^feR*»J«Ufc«^t. - ffl&ttft£JSlr>fc«S 
*y*ffifc:«fcD. NI-Fe&£BH£»jftLfc«£fci3 

[04] /vvxmffi&mwzmm*v*mz£o *yir 

MtftZtltzN i -F e££R©¥*a6&fi«£«K*H 
c £©Hfii£^T^77, 

[0 5 ] l^c«m/ y +l*fC«k 0 ;* y * 

1 tsb->-;p h» 

2 T^t7 7"I 

4 ±&**y7B 

5 

6 «a*iry7*Ji 

7, 9 team 

8 3-f;Hl 
10 ±g?3T® 
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(72) >f>A ft® F^-A(#5t) 5D033 BA03 

m^S5^fflES^»fri#7^ T;V^ 5E049 AA01 AA09 BA12 LC06 



